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OBJECTIVE: Our long-term objectives were (1) to understand how
peripheral and central encoding of chemical detection signals are
accomplished; (2) to determine which spatial and temporal properties of
chemical plumes are of most importance to plume-tracing animals, and (3)
to provide data for the testing and implementation of a real-time search
strategies developed by other researchers in the ONR/DARPA Plume Tracing
Program.

APPROACH: In collaboration with Mimi Koehl at UC Berkeley we performed
laboratory experiments to: (i) examine the odor-tracing behavior of the
stomatopod H. ensigera in wave-influenced flow environments; (ii) to
compare that with their plume-tracing behavior in unidirectional flow;
and (iii) to correlate tracing maneuvers with the simultaneously-
recorded characteristics of the odor plume at the position of the
animals’ olfactory antennules. In addition, in collaboration with Tom
Powell at UC Berkeley, we performed a combination field data
collection/modeling research program to characterize the dynamics of a
plume from a near-bed source in near-coastal waters.

ACCOMPLISHMENTS: We have completed the following tasks in the
laboratory. First, we acquired plume image datasets (see Table 1 for
summary) for different flowspeeds and different flow conditions
(unidirectional and wave-influenced). The task involved taking long time
histories of the plume in various locations in order to calculate plume
properties such as mean concentration, standard deviation, and
intermittency. Second, we coordinated with Mimi Koehl at UC Berkeley to
introduce live animals into our laboratory plumes. We simultaneously
acquired datasets of odor plume structure (in both the unidirectional
and wave-affected flows) and live animal-tracking behavior to
investigate the real-time search strategies of the animals. An example
of an image, which was acquired in this dataset, is shown as Figure 1.
This image shows a stomatopod encountering an odor filament (see paper
by Mead et al, 2002) while moving through an odor plume in a wave-
influenced flow.

In the field, a series of four experiments were conducted (Hydro
1.5, 2, 2.5, and 3) from November 1998-June 2000 at San Clemente Island,
CA. These tests resulted in both detailed hydrodynamic information
relevant to plume dispersal in the bottom mixed layer, as well as a
progressive and rapid advancement in plume measurement techniques. The
Hydro experiments documented many of the hydrodynamic variables
important to characterizing plume dispersal in the benthic coastal zone.
A suite of data were




Figure 1: A plan view of a stomatopod encountering an odor
filament in a wave-influenced flow. The stomatopod is at
a distance of 120 source diameters from the source of
the odor.

collected including fixed measurements of temperature, wave amplitude,
and Reynolds stresses, and velocity profiles. The latter included
detailed measurements of the near-bottom flow structure, which was
approximated well by a log-layer, fit. The Reynolds stress measurements
revealed that the bottom boundary layer the measured fluctuations were
due in part to both turbulent momentum fluxes and wave activity. The
mean flow velocimetry was invaluable to predicting the mean plume
evolution tendencies. In addition to the fixed location measurements,
larger survey data sets of velocity, density, and dye concentration were
collected using shipboard mounted instruments. The first experiments
(1.5 and 2) involved the building of an inexpensive tow body constructed
of PVC. This platform provided the first ever regularly-gridded
measurements of a dye plume at a fixed depth.

CONCLUSIONS: From the laboratory experiments we can conclude the
following. First, odor plumes in both unidirectional and wave-affected
flow consist of very thin filaments of high concentration interspersed
with clean water. As a result there is extreme variability in both space
and time in the arrival of signal at the sensors. Second, in general,
odor filaments in wave-affected flows are wider on average than
filaments in unidirectional flows.
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Third, the maximum available (to the stomatopod in any region of the
flow) concentrations are similar in both flow conditions, but the mean
available concentration is greater in wave-affected flows. Finally, odor
filaments encountered by the antennules have both a higher maximum odor
concentration and a higher mean odor concentration in wave-affected flow
than in unidirectional flow. The field experiments revealed a simple,
succinct description of plume dispersal in the nearshore environment.
The basic results of the tests were: (1) The plume's vertical extent is
entirely determined by the source height and the thickness of the near
bottom mixed layer, which is set by the local stratification.(2) The
downstream plume concentration and meandering are captured well by
relatively simple and easy to implement modified advection-diffusion
models. (3) The macroscopic plume characteristics are, in theory,
capable of being captured by a single measurement platform.

SIGNIFICANCE: Our laboratory experiments have provided us with the
instantaneous, fine-scale chemical signal encountered by mantis shrimp
as they track odor plumes in wave-affected and unidirectional flow. This
is the first time that it has been possible to know exactly what
chemical information an animal is getting as it navigates to a plume
source in a realistic flow environment. We can use information from
these experiments to generate a list of behaviors used by the animals
that correlate with particular aspects of concentration or concentration
change at their antennules. This list should be helpful in comparing
the search “rules” used in waves versus in unidirectional flow, and
should provide insights for the generation of search algorithms for man-
made plume-tracing devices for use in coastal habitats. The field
component has been directed at developing and determining the efficacy
of candidate plume-dispersal models, search strategies, and target-
localization inverse algorithms through a series of experiments where
plumes of dye were created to represent surrogates for plumes containing
explosives in the natural ocean environment. The measurements from a tow
body showed a plume trapped to the confines of the bottom mixed layer
and also suggested the importance of measurements at a fixed altitude.
The Hydro 2.5 and 3 experiments saw the successful implementation of a
Guildline Minibat tow body that captured detailed measurements of a dye
plume from a fixed altitude above the bottom.

AWARD INFORMATION: Koseff was appointed the Senior Associate Dean of
Engineering as of September 1999. Monismith received the Eugene L. Grant
Award for Teaching..
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